T HE treatment of intracerebral hemorrhage continues to remain a matter of debate in neurosurgery. Computerized tomography (CT) has solved one of the preliminary problems for any kind of treatment: diagnosis, which could be difficult in earlier days, is now unequivocal. However, whether the surgical removal of an intracerebral clot is of any benefit remains debatable for the following reasons: 1) the primary event of brain tissue destruction by the developing hematoma leads to irreversible brain tissue destruction; and 2) for the majority of hemorrhages, surgical approach to the hematoma causes further tissue destruction.
Proponents of surgical treatment have offered several reasons to support their preference. They claim that elevated intracranial pressure may be normalized by surgery, thus improving chances of survival. They also state that secondary tissue destruction in the vicinity of the hematoma, due either to compartmental pressure distribution and consecutive reduction of blood flow 8 or to the migration of blood degradation products, ~3 can be prevented by early evacuation of the clot. They further propose that smaller hematomas tend to expand by displacing tissue layers 4-8"~~ rather than by direct tissue destruction.
The present study investigates whether surgical treat-Endoscopic vs. medical treatment of intracerebral 
Clinical Material and Methods

Patient Selection
Among 723 patients with intracerebral hematomas diagnosed on CT scans, who were admitted between June, 1983, and August, 1986, 100 patients were selected for entry into the study based on the following criteria: 1) the volume of the hematoma, as calculated from CT scans, was greater than 10 cu cm; 2) the interval between stroke and start of treatment was less than 48 hours; 3) the patient presented with neurological deficits and/or disturbance of consciousness; 4) the patient was able to undergo at least unilateral carotid angiography (patients harboring an aneurysm, an arteriovenous malformation, or a tumor as the bleeding source were excluded); 5) patients with posttraumatic intracerebral hematomas were excluded; 6) the patient's age was between 30 and 80 years; and 7) the patient was in a condition fit for surgery from a general medical and anesthesiological point of view.
Patients fulfilling these criteria were subdivided according to the following criteria ( Table 1) : state of consciousness; age; history of hypertension; and site, size and side of the hematoma. The endpoint of the study was the outcome at 6 months after hemorrhage, as determined by evaluation of the mortality rate and quality of survival.
hematoma
Surgical Treatment
The hematoma was evacuated through a burr hole by means of a neuroendoscope.* The burr hole was placed in the frontal, temporal, or occipital region or at a location selected so as to approach the hematoma through the shortest distance of viable brain tissue. Introduction of the endoscope was guided by intraoperative ultrasound stereotaxyJ Following introduction of the specially designed tip of the rigid 6-mm endoscope tube, the hematoma cavity was continuously rinsed with artificial cerebrospinal fluid (CSF) at body temperature through one channel at a pressure between 10 and 15 mm Hg. At regular intervals, the mixture of blood clots and blood-stained artificial CSF was removed by suction through a separate endoscope channel. Small oozing vessels in the wall of the hematoma cavity were coagulated with a neodymium:yttrium-aluminum-garnet laser built into the system. The entire surgical procedure was under direct visual control via a miniature video camerat attached to the endoscope. Complete evacuation of the hematoma was not attempted: tough parts of the clot were left behind. At the end of the procedure, an external drain was placed into the hematoma cavity and left for several days.
Medical Treatment
All patients received hyperosmolar agents such as 10% mannitol, cortisone, and antifibrinolytic agents for 3 days to control clotting factors. If required, glycosides and antihypertensive substances were also administered to keep systolic blood pressure between 140 and 160 mm Hg. Electrolyte and fluid levels were monitored.
Posttreatment Data Collection
Daily neurological examinations were conducted on all patients until discharge from the hospital. Computerized tomography was performed on Days 3, 7, 14, and 21 after the start of treatment. Follow-up evaluation consisted of neurological examinations and CT scans at 6 weeks and at 6 months after the hemorrhage, as well as neuropsychological investigation at the end of the observation period. Final outcome after 6 months was described according to the scale detailed in Table  2 : outcome Grade 1 or 2 was considered good. Statistical evaluation was performed using the chi-square test and Fisher's exact test.
Results
Overall Results
The rationale of the present study was to identify whether endoscopic surgical treatment is of benefit for patients with spontaneous intracerebral hemorrhage. The overall result of the analysis indicates a significantly *Neuroendoscope manufactured by Storz, Tuttlingen, West Germany.
t Half-inch Newicon Endovision 531 miniature video camera manufactured by Storz, Tuttlingen, West Germany. patient leads a full and independent life with minimal neurological deficit 3 patient has neurological or intellectual impairment, but is independent and able to work part-time 4 patient has neurological deficit, is unable to work but is capable of self-care 5 conscious patient totally dependent on others for activities of the day 6 dead better outcome in the operative than in the medically treated patients. N o n e of the medically treated patients had better results than the operated patients in the same subgroups. In 15 % of the surgical patients over 90% of the clot was evacuated; in 29% between 70% and 90% of the h e m a t o m a was evacuated; and in 56% between 50% and 70% of the clot was surgically removed.
Early Mortality and Morbidity Rates
During the 1st week after treatment began, 14% of endoscopically treated patients died compared to 28% in the medically treated group (p < 0.01). None of the endoscopically treated patients died from a complication related to the surgical procedure. A cumulative survival analysis of the first 21 days is shown on Fig. 1 . Two surgical patients suffered a rebleed in the early postoperative phase and deteriorated clinically. In the medically treated group, 15 patients suffered an early rebleed.
Late Mortality and .~lorbidity Rates
Six months after the hemorrhage, the mortality rate in the surgical group was 42%, significantly lower than the 70% rate in the medically treated group (p < 0.01) (Fig. 2) . A good outcome with no or minimal deficit L. M. Auer, et al.
FIG. 2.
Outcome grade on the abscissa as described in Table 2 versus percent of all patients. Left bar of each pair denotes operated (ENDO) group, right bar denotes the medically (MED) treated group. Arrows indicate a significantly better result in the operated group.
was significantly more frequent in the surgically treated group (Fig. 2) . This effect of surgery on survival and quality of survival was, however, only valid for a limited number of subgroups. Benefit from surgery was limited to patients under 60 years of age (Fig. 3) . In patients over 60 years of age, the mortality rate was equally high in both groups; however a good outcome in the small subgroup of patients without any deficit was more frequent in the surgical group. In patients with large hematomas (over 50 cu cm), the quality of survival was not influenced by surgery, whereas the mortality rate was significantly lower (Fig. 4 left) . By contrast, endoscopic evacuation of smaller hematomas led to significantly better quality of survival compared to those treated medically (Fig. 4 right) , but the rate of survival was equal between the two groups. The effect of surgery upon survival rate and quality of survival was also confined to the group that had a preoperative alert or somnolent state of consciousness (Fig. 5) . Stuporous or comatose patients had a good outcome in less than 10% of cases in both treatment groups.
FIG. 1. Kaplan-Meier survival analysis of operated patients (ENDO) versus medically treated patients (MED)
. The survival rate among operated patients is significantly higher around Day 4 and from Day 6 onward. Table 2 The mortality rate in the operated group was lower (p < 0.05) in patients under 60 years of age, but the incidence of good outcomes was no different. As expected, a good outcome and survival among the operated patients were more frequent in alert and somnolent patients than in stuporous or comatose patients (p < 0.05 for good outcome, p < 0.01 for survival). Among the operated patients, survival and good outcome rates were similar in patients with small and those with large hematomas. Patients with a history of hypertension had a higher mortality rate after operation (50%) than those without a history of hypertension (10%, p < 0.01). Further analysis of subgroups to evaluate the background of this result was not possible due to the small number of patients.
FIG. 3. Outcome group on the abscissa as described in
In the medically treated group, age did not influence outcome. Patients who were initially alert or somnolent had a significantly lower mortality rate (p < 0.05), as did patients with smaller compared to larger hematomas (p < 0.01). A history of hypertension did not influence outcome in the medically treated group of patients.
Subdivision of patients by the three hematoma sites (subcortical, putaminal, and thalamic) revealed that the benefit from surgical treatment seems to be limited to FIG. 5. Outcome grade on the abscissa as described in Table 2 versus percent of a subgroup of patients with a preoperatively alert or somnolent state of consciousness. Left bar of each pair denotes operated (ENDO) patients, right bar denotes medically (MED) treated patients. Arrows indicate a significantly better result in the operated group.
patients with subcortical h e m a t o m a s ( Fig. 6 left) ; in these cases endoscopic evacuation led to a higher rate of good outcome and survival. By contrast, surgery had no significant effect on patients with putaminal or thalamic hemorrhage (Fig. 6 center and right) . Further subdivision of patients with subcortical, putaminal, or FIG. 6. Outcome grade on the abscissa as described in Table 2 versus percent of patients in a subgroup with subcortical hematoma (left), a subgroup with putaminal hemorrhage (center), and a subgroup with thalamic hemorrhage (righO. Left bar of each pair denotes operated (ENDO) patients, right bar denotes medically (MED) treated patients. Arrows indicate a better result in the operated group; n.s. = difference not significant. thalamic hemorrhage was not possible because of the small number of patients.
Thus, the present study showed that only patients with subcortical hematomas benefited from endoscopic surgical removal. They had a better quality of survival and a higher survival rate when they were preoperatively alert or somnolent, had a hematoma volume below 50 cu cm, and were aged under 60 years; in hematomas larger than 50 cu cm only a lower mortality rate was achieved with surgery. A summary of these results is given on Table 3 . Analyzing data in the surgically treated group by extent of evacuation of the hematoma revealed no statistically significant difference in mortality rate between groups with total and partial evacuation of the hematoma.
Discussion
Although the numbers of patients are too small for a detailed analysis of single factors, the present study shows a significant effect of endoscopic surgical removal of subcortical hematomas. When hematomas were larger than 50 cu cm, only the rate of survival was higher; the quality of survival was not improved. When the hematoma was smaller than 50 cu cm, only the quality of survival was improved; the rate of survival was no higher. This effect was limited to patients below 60 years of age with a preoperative favorable state of consciousness. These data might thus indicate that early evacuation of smaller subcortical hematomas located in the lobar white matter can reduce the morbidity rate. It has been hypothesized that perifocal elevation of intracranial pressure, persistent reduction of blood flow, and probably biochemical factors from the intraparenchymal blood clot can cause secondary brain damage outside the primarily lesioned tissue around the hematoma, and that early evacuation might be of benefit. 12.13 Recent experiments in rats have shown that the area of perifocal hypoperfusion is larger around intraparenchymal hematoma than around a compara- Table 2 . ble inert mass lesion; however, early removal of the mass was ineffective in altering this effect. 7-9"11 Patients with putaminal or thalamic hemorrhage did not show a better outcome after surgery in the present study. However, the small number of cases (especially with thalamic hemorrhage) does not permit any conclusions. There is a trend toward a lower mortality rate and a better outcome in both groups. The present data thus seem to indicate that a multicenter study of a large number of patients might identify a subgroup of patients with putaminal or thalamic hemorrhage that would benefit from surgery.
Because of the small numbers of patients in the subgroups, the present study does not clearly identify subgroups of patients with subcortical hematomas. Further observations on a large series of operated patients with subcortical hematomas will therefore be necessary to identify especially beneficial effects in selected cases.
Arterial hypertension is known as the most common risk factor for spontaneous intracerebral hemorrhageY In the present series, however, hypertension was present in 78% of all patients and in 82% of the surgical group. The significantly better outcome of operated normotensive patients might therefore be a statistical artifact due to small patient numbers.
From the present data it can also be concluded that endoscopic evacuation is a safe and more rapid procedure compared to conventional techniques whenever evacuation of an intracerebral hematoma is considered. In none of the patient groups was there a worse prognosis in the surgical than in the medically treated group. Early surgical removal of subcortical spontaneous intracerebral hemorrhages with the described endoscopic technique can lead to a reduction in mortality rate and an improvement in functional recovery. A multicenter study should be performed to clearly identify candidates for surgical treatment.
